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PETITION TO ACCEPT UNAVOIDABLY DELAYED PAYMENT OF 
MAINTENANCE FEE IN AN EXPIRED PATENT (37 CFR 1.378(b)) 



Docket Number (Optional) 
13332/16 



Mail to: Mail Stop Petition 

Commissioner for Patents 
P.O. Box 1450 
Alexandria ,VA 22313-1450 
Pax: (571)1273-8300 



Bo/24/2810 DALLEN 89898889 118688 6 
81 FC:1599 1688.08 DA 



49782 



NOTE: If information or assistance is needed in completing this form, ptea$e contact Petitions Information at 
(571)272-3282. 



Patent Number 6749,702 



Application Number 09/01 Q'* 22 



Issue Date: June 15, 2004 



Filing Date: January 22, 1998 



CAUTION: Maintenance fee (and surcharge, if any) payment must correctly identify: (1) the patent 

number (or reissue patent number, if a reissue) and (2) the application number of the actual 
U.S. application (or reissue application) leading to issuance of that patent to ensure the fee(s) 
is/are associated with the cored patent 37 CFR 1 .366(c) and (d). 

Also complete the following information. If applicable: 

The above-identified patent 

|~| Is a reissue of original Patent No. 

original application number _ 
original filing date 



original issue date . 



[ | resulted! from the entry into the U.S. under 35 U.S.C. 371 of international application 
J filed on . 



| CERTIFICATE OF MAILING OR TRANSMISSION (37 CFR 1 -8(a)) 
I hereby certify that this paper (along with any paper referred to as being attached or enclosed) is 

(1 ) being deposited with the United States Postal Service on the date shown below with sufficient postage as first class 
mafl in an envelope addressed to Mail Stop Petition. Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313- 
1450 or : 

(2) transmitted by facsimile on the date shown below to the United States Patent and Trademark Office at (571) 273- 
5300. 



August 19, 2010| 



/Daniel G. Harris/ 



Date 



Signature 



Daniel G. Harris 



Typed or printed name of person signing Certificate 
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to process) an application. Confidentiality ts governed by 35 U.S.C. 122 and 37 CFR 1 ,1 1 and 1.14. This collection is estimated to take 8 hours to complete, including 
gathering, preparing, and submitting the completed application form to the USPTO. Time w* vary depending upon the individual case. Any comments on the amount 
of time you require to complete this form and/or suggestion* for reducing this burden, should be sent to the Chief Information Omcer , U.5, Patent and Trademark 
Office. U.S. Department Cf Commerce. P.O. Box 1450, AloxArtdria, VA 2231*- 1460, 00 NOT S£ND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND 
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OFFICE OF PETITIONS 



1. SMALL ENTITY . 

F I Patentee claimjs, or has previously claimed, small entity status. See 37 CFR 1.27 

2. LOSS OF ENTITLEMENT TO SMALL ENTITY STATUS 

[71 Patentee is no jlonger entitled to small enti ty status. See 37 CFR 1 .27(g) 

3. I^INTHNANCEFEE(37CFR1.20(e>(9)) 

The appropriate maintenance fee must be submitted with this petition, unless it was paid earlier. 



NOT Small Entity 
Amount Fee (Code) 


Small Entity 
Amount Fee (Code) 


f/l s 980.00 j3^vrfee f15S1) 
I | $ !7^vrfee (15521 
| | £ :iii4 Vrfee (155 3) 


W\ $ 3V*yrfee (7551) 
I I S 7 14 vr fee <2552) 
| Is 11 % vr fee (2553) 



MAINTENANCE FEE BEING SUBMITTED $ 860-00 



SURCHARGE 

The surchargej required by 37 CFR 1.20(i)(1) of $ (Fee Code 1567) must be paid as a 

condition of accepting unavoidably delayed payment of the maintenance fee. 

SURCHARGE FEE BEING SUBMITTED $ 700-00 



5. MANNER OF PAYMENT 
| | Enclosed is a check forthe sum of $ 



[/] Please charge jDeposit Account No. 11-0800 the sum of S 1.680.00 , 

[ | Payment by credit card. Form PTO-2038 is attached. 

6. AUTHORIZATION |TO CHARGE ANY FEE DEFICIENCY 

fyl The Director isj hereby authorized to charge any maintenance fee, surcharge or petition fee deficiency to 
Deposit Account No. 11-0600 . 
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7. OVERPAYMENT ■ 

i 
i 

As to any overpayment made, please 

[7] Credit toj Deposit Account No. 11 "° 600 

OR 

I | Send refund check 

! WARNING: 

Petitioner/applicant is cautioned to avoid submitting personal information in documents tiled in a patent application that may 
contribute to identity theft i Personal information such as social security numbers, bank account numbers, or credit card 
numbers (other than a check or credit card authorization form PTO-2038 submitted for payment purposes) is never required by 
the USPTO to support a petition or an application. If this type of personal information is Included in documents submitted to the 
USPTO, petitioners/applicants should consider redacting such personal information from the documents before submitting them 
to the USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of 
the application (unless a nbn-pubiicetion request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of 
a patent Furthermore, the record from an abandoned application may also be available to the pubEc if the application is 
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms PTO- 
2038 submitted for payment purposes are not retained in the application tUe and therefore are not publicly available, 
i 

8. SHOWING j 

The enclosed statement will show that the delay in timely payment of the maintenance fee was unavoidable 
since reasonable] care was taken to ensure that the maintenance tee would be paid timely and that this 
petition is being filed promptly after the patentee was notified of, or otherwise became aware of. the 
expiration of the patent The statement must enumerate the steps taken to ensure timely payment of the 
maintenance fee • the date and the manner in which the patentee became aware of the expiration of the 
patent and the steps taken to file the petition promptly. 

9. PETITIONER^) REQUESTS THAT THE DECAYED PAYMENT OF THE MAINTENANCE FEE BE ACCEPTED AND THE 
PATENT REINSTATED. 

/Alan P. Force/ j August 19, 2010 



Signature^) of Petitionerts) Date 
Alan P. Force j 39.673 



Typed or printed rtame(s) Registration Number, if applicable 

Kerryon & Kenyon LLP j 212-425-7200 



i Address Telephone Number 



One Broadway, New York, NY 10004 



. Address 

i 

ENCLOSURES: j 

I | Maintenance Fee Payment 
("/] Statement why maintenance fee was not paid timely 
\y \ Surcharge under! 37 CFR 1 .20(i)(l ) {tee for tiling the maintenance fee petition) 
[/] Other; 



(1) Copy of U.S. Patent No. 6,749.702; and 

(2) Declaration of Daniel V, Haun in Support of Petition Under 37 CFR 1.378(B) 

(3) Notification of Loss of Entitlement to Small Entity Status 
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37 CFR 1 .378(d) states: "Any petition under this section must be signed by an attorney or agent 
registered to practice before the Patent and Trademark Office, or by the patentee, the assignee, or 
other party in interest/ 



/Alan P. Force/ ; 



August 19, 2010 



| Signature 



Date 



Alan P. Forte 



39,673 



Typej or printed name 



Registration Number, rf applicable 



! STATEMENT 
(In the space below, please provide the showing of unavoidable delay recited in paragraph 8 above.) 



PLEASESEE ATTACHED PAGES FOR SHOWING OF UNAVOIDABLE DELAY (3 PAGES ADDITIONAL) 



j (Please attach additional sheets if additional space is needed) 
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13332/16 U.S. PATENT NO. 6,749,702 

ADDITIONAL SHEETS TO PARAGRAPH 8: SHOWING OF UNAVOIDABLE DELAY 
i 

The delay in the payment of the Maintenance Fee for the above-identified patent was 
unavoidable, as reasonable care was taken to ensure that the maintenance fee was timely paid, 
and this petition is [being filed promptly upon discovery by the Patentee of the expiration of the 
above-identified patent 

Based on my knowledge and belief,- the facts that resulted in the unavoidably delayed 
payment of the maintenance fee are as follows: 

I, Alan P. Eorce, the undersigned, received my Ph.D. in Physical Chemistry from Cornell 

University in 1981 j and my J.D. from Fordham Law School in 1993. I have been a practicing 

patent attorney since 1 994. On December U 2004, 1 began my tenure as an associate attorney in 
i 

the New York office of Kenyon & Kenyon LLP (Kenyon), At my previous places of 
employment, I was responsible for the prosecution and maintenance of the patent applications 
and patents of Tallfey Defense Systems, Mesa, Arizona (TDS), now Nammo Taliey, Inc. 

Shortly thereafter I informed Dr. Gregory Knowlton, the first named inventor, and now 
Chief Scientist at paramo Talley, that I had changed my employment to Kenyan, Dr. Knowlton 
stated his desire to] transfer responsibility for TDS patents to Kenyon. At Dr. Knowlton' s 
request, I contacted Ms. Sue Kobyleski, Director of Materiel & Regulatory Affairs TDS. 
Ms. Kobyleski approved the transfer of responsibility. On or about March 8, 2004, Ms. 
Kobyleski forwarded an executed Engagement Letter between Kenyon and TDS to Kenyon. 

Under my supervision, Kenyon staff prepared a separate Revocation/Power of Attorney 
for each of the 17 TDS patents. After execution by Mr. Haun, each of the separate 
Revocations/Powers of Attorney was filed by Kenyon, Each Revocation/Power of Attorney 
included a request ifor a change of correspondence address, and appointed the practitioners 
associated with Kenyon' s customer number, 26646, to practice and transact all business in the 
U.S. P.T.O. connected to the patent identified on the particular Revocation/Power of Attorney. 
Each Revocation/S?ower of Attorney requested that all future correspondence from the U.S. 

P.T.O. be addressed to me at the New York Kenyon address provided in this document. 

i 

The Revocation/Power of Attorney for the above-identified patent was filed on July 31, 

i 

2006, The file history of the above-identified patent, obtained from the U-S. P.T.O., includes a 
copy of the filed Revocation/Power of Attorney with the request for the change in 
correspondence address. The Revocation/Power of Attorney in the file history is stamped as 
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received by the U.S. P.T.O. However, a recent check of the U.S. P.T.O. PAIR website indicates 
that the correspondence address for the above-identified patent remains that of the New York 
office of Fitzpatrick Cella Harper & Scinto (Fitzpatrick), my former employer, and lists the 
contact information for the attorneys of that firm. 

The file history obtained from the U*S. P.T.O. does not include a Notice of Patent 
Expiration for the above-identified patent. Kenyon has no record of receiving a Notice of Patent 
Expiration for the above-identified patent, and has no record of receiving a Notice of Patent 
Expiration for the above-identified patent from Fitzpatrick if such a Notice was forwarded to the 
address of that firm. 

In a letter dated January 1 8, 2006, Kenyon informed TDS that Kenyon would cease to be 

i 

responsible for handling the monitoring and payment of maintenance fees for U.S. issued 
patents. The letter) recommended that the Patentee engage Computer Patent Annuities Limited 
Partnership ("CPA^) or a like service to handle the monitoring and payment of the maintenance 
fees for the TDS patents. Mr. Haun has confirmed that TDS followed Kenyon' s 
recommendation, hi a letter to TDS, CPA informed TDS that CPA would take over 
responsibility for the payment of maintenance fees on June 1 , 2006. 

On or about June 22, 2010, Kenyon received a Notice of Patent Expiration for U,S. 
Patent No. 5,739,4|60 (the '460 patent). As a result of the roceipt of the Notice of Patent 
- Expiration, Kenyon staff checked the status of all the TDS patents, and determined that eight of 
the patents assigned to TDS, including the above-identified patent, had expired as a result of the 
non-payment of a maintenance fee, 

I conferredjwith Dr. Knowlton regarding the expiration of the patents, and was instructed 
to file the Petitions necessary to have the U-S. P.T.O. accept the delayed payment of the 
maintenance fees. "Petitions to Accept Unintentionally Delayed Payment of Maintenance Fee m 
an Expired Patent under 37 C.F.R. 1 .378 (c) were filed on July 29, 2010, for the four TDS 
patents that had bepn expired for less than two years. 

I also disculssed the steps that TDS had taken to insure the timely payment of the 
maintenance fees for the TDS patents with Dr. Knowlton and Mr, Haun. A Declaration of Mr. 
Haun detailing those steps is submitted herewith in support of this petition. At the time Mr. 
Haun signed his Declaration, Kenyon had only determined that six of the TDS patents had 
expired. It was later determined that two additional patents had expired. In that Declaration, Mr. 
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Haun confirms that he was not aware of any missed maintenance fee payments or the expiration 
of any of the Patentee's patents until the receipt of the June 29, 2010, Kcnyon letter, forwarding 
the Notice of Patent Expiration for the '4<50 patent- In that Declaration, Mr. Haun further 
confirms that, prior to the June 29, 2010, Kenyon letter, he was not aware of any correspondence 
informing TDS that a maintenance fee was due for any of the expired TDS patents or that any of 

i 

the TDS patents had expired. 

As noted above, Mr. Haun was responsible for authorizing CPA to pay the maintenance 
fee. However, Mr^ Haun was not aware (he payment of the maintenance fee was delayed or that 

the above-identified patent had expired. Therefore, Mr. Haun was unable to authorize timely 

i 

payment of the maintenance fee, and the delayed payment of the maintenance fee was 
unavoidable. It is respectfully submitted that this petition is being promptly filed after the 
Patentee became aware of the expiration of the patent. 

In light of the above, the attorneys for the Patentee respectfully request acceptance of the 

unavoidably delayed maintenance fee and the reinstatement of U.S. Patent No. 6,749,702. 

i 

* i 

i 
i 

i 

i 

i 



i 
i 



i 
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IN THE UNITED STATES PATENT AN1> TRADEMARK OFFICE 



Inventors 
Patent No. 
Issue Date 
For 



I 



I 



G. Knowlton et al. 
6,749,702 
June 15, 2004 

LOW TEMPERATURE AUTOIGNITION COMPOSITION 



MG 26 2010 
0F ^B0Fp m0Ns 



Mail Stop PETITIONS 

Commissioner for Patents 
P.O. Box 1450 I 
Alexandria, VA 22313-1450 

i 

DECLARATION OF DANIEL V. HAUN IN SUPPORT OF 
PETITION UNDER 37 CSJL 1.37*(B> TO ACCEPT UNAVOIDABLY DELAYED 
PAYMENT OF MAINTENANCE FEE TN EXPIRED PATENT 

I 

1, Daniel V- Haun, declare the following: 

I am VP Engineering and Research of Namroo Talley, (nc. T formerly doing business as 
TaUey Defense Systems, Inc > of Mesa, Arizona, ( 44 the Patentee**). The Patentee is the assignee 
of the entire right Ud title of US. Patent No- 6,749,702, which issued June 15> 2004, It is my 
understanding that this Declaration is being submitted to the Commissioner of Patents with a 
Petition, requesting that the U.S. P.T.O. accept a delayed payment of the maintenance tee for the 
above- identified that was due on December 15, 2007. 

The delay in the payment of the fee was unavoidable, as reasonable care was taken to 
ensure that the maintenance fee was timely paid, and this petition is being filed promptly upon 
notification of the Patentee of the expiration of the above-identified patent. 

Based on my knowledge and belief the fects that resulted in the unavoidably delayed 
payment of the maintenance fee are as follows: 

In January 2006, the Patentee received a letter dated January 18, 2006, from Kenyon & 
Kenyan LLP ("Kenyon**), the Patentee's outside patent counsel, and attorneys of record for the 
above-identified patent. The January 18, 2006, letter informed the Patentee that Kenyon would 
cease handling the monitoring and payment of maintenance fees for U.S. Issued patents. The 
letter recommended that the Patentee engage Computer Patent Annuities Limited Partnership 
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( W CPA"> to handle the monitoring and payment of the maintenance fees for the Patentee's 
patents. The Patentee followed Kenyon's recommendation. 

In a letter to the Patentee, dated May 12, 2006, CPA confirmed that that organization 

i 

would assume responsibility for the payment of the maintenance fees for the Patentee's patents. 

i 

The May 12, 2006, letter stated that CPA would take over responsibility for the payment of 
maintenance fees bn June 1, 2006, and that Patentee's next correspondence from CPA would be 
in the form of a renewal notice. According to the CPA letter, the renewal notice would be sent 

when the first maintenance fee for one of the Patentee** patents became due. It was my 

j 

understanding that all correspondence fiotn CPA would be directed to ma 

The Patentee is not aware of the receipt of any further correspondence from CPA until an 
exchange of emails between Ms, Sallie Winkler, a Service Account Manager for CPA, and me 
on or about December 1 , 2008. The purpose of the emails was to change the status of the 
Patentee from that of a small entity to that of a large entity. There was no indication in any o f 
the emails I received from Ms. Winkler that a maintenance fee was due for any of the Patentee's 
patents or that any of those patents had expired as a result of the delayed payment of a 
maintenance fee. I 

j 

The Patentee was not aware of any missed maintenance fee payments or the expiration of 
any of the Patentees patents until the receipt of a letter from Kenyon, dated June 29, 2010. The 
June 29, 201 0, Kenyan letter forwarded a Notice of Patent Expiration for the Patentee's U.S. 
Patent No. 5,739,^60 to the Patentee that Kenyon had received from the U.S. P.T.O. 

Kenyan further informed the Patentee that a check of the status of the Patentee's patents 

i 

showed that six patents, including the above-identified patent, had expired between September 

i 

28, 2007, and Aprjil 14, 2010, as a result of the delayed payment of the required maintenance 
fees. Kenyan informed the Patentee that a Petition to Accept Unintentionally Delayed Payment 
of Maintenance Fee for each of the Patentee's patents that had been expired for less than two 
years would be filed as soon as possible, but that the revival of the above-identified patent would 
require a Petition to Accept Unavoidabty Delayed Payment of Maintenance Fee with this 
statement The Patentee immediately instructed Kenyon to prepare the required Petition, and do 
whatever was required to revive the Patentee's expired patents. Kenyon informed the Patentee 
that a Petition to ^ccept Unintentionally Delayed Payment of Maintenance Fee was submitted 

for each of the Patentee's patents that had been expired for less than two yean* on July 29, 2010. 

i 

I " 2 " 

! ■ 
i 

i 

i 
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1 hereby declare that all statements made herein to my own knowledge are true and all 



statements made on information and belief are believed to be true; and further that these 
statements were made with the knowledge that wiUful false statements and the like so made are 
punishable by fine or imprisonment, or both, under Section 1 001 of Title 1 8 of the United States 
Code, and that such willful folse statements may jeopardize the Patentee's ability to enforce the 
above-identified patent. 
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i Attorney Docket No. 13332/16 

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE 



PATENTEE 
SERIAL NO. 
FILING DATE 
PATENT NO. 
ISSUE DATE 
CONF. NO. 
FOR 



GREGORY D. KNOWLTON 
09/010,822 
January 28, 1998 
6,749,702 
June 15,2004 
9133 

LOW TEMPERATURE AUTOIGNITION COMPOSITION 



RECEIVED 
CENTRAL FAX CENTER 

AUG 1 9 2010 



AUG? 6 20 JO 
°n<X0F PEmms 



Director of the United States Patent 

& Trademark Office 
Attn.: Maintenance Fee 
2051 Jamiesori Avfcrme, Suite 300 
Alexandria, VA 22314 



1 hereby certify that this correspondence is being transmitted to the 
United Slates Patent & Trademark Office via facsimile (571 -273-6500) 
on 

Date: &U£3JSU&J^Q 

Signature; /Daniel G Harris/ 
Dnniel G. Harris 



NOTIFICATION OF LOSS OF ENTITLEMENT TO SMALL ENTITY STATUS 
| PURSUANT TO 37 C.F.R. § 1.27(g)(2) 

SIR: I 

i 
j 

Patentee hejreby notifies the United States Patent and Trademark Office of loss of 
entitlement to small entity status. Patentee requests that the Office make large entity status of 
record in the application. 



The Office 



to Deposit Account No. 1 1-0600. 



is hereby authorized to charge any fees associated with the filing of this paper 



Respectfully submitted, 



Date: August 19.2)010 



By: /Alan P. Force/ 

Alan P. Force (Reg. No. 39,673) 

KENYON & KENYON LLP 

One Broadway 

New York, N.Y. 10004 

Tel.: (212)425-7200 

Fax.: (212)425-5288 

CUSTOMER NO. 26646 



i 
I 
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(i2) United States Patent 

Knovylton ct all 



lIUMIIIIIDIIHIIIilill 

US006749702B1 

(io) Patent N<k: US 6,749,702 Bl 
(45) Date of Patent: * Jun. 15, 2004 



I 

(54) LOW TKMTERAtURK AUTOlGlVlXlON 

coMPOsrnoN J 

(75) Inventors GnigOry| IX KbowIUjo, Chandler, A2 

(US); Christopher P. Ludwig, Fountain 
Hills, AZ (US) 



Tallcy Defense Systems, Inc^ Mesa, 
AZ(U$)j 

Subject to any disclaimer, the term of this 
patent is| extended or adja&ted under 35 
V&C 154(b) by Oday* 



(73) 
(•) Notice: 



This patent rt subject to a terminal dis- 
claimer* I 

i 

(21) Appl. No.: 09/01<*S22 

(22) Filed: Jan. 22,ilP98 
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(57) ABSTRACT 

The preseni invention relates to a low temperature luloitsm- 
tion composiiioo for $afcly imriaiiog combuatioA o£ j inaiA 
pyrotechnic dxaiso in a gas geccralor or pyrotechnic device 
exposed to Qarae or a bigb temperature eu v iiu iimenc The 
low temperature astoignition couapo&itions of the invention 
include i mixture of &a oxidizer and ft powdered metal, 
wherein the oxtfizer includes silver nitrate or a comclt or 
mixture uumprisb^ silver nilraic and at least one of an alkali 
inetaj nitrate, an alien line earth metal nitrate, a complex salt 
nitrate, a dried, hydrated nitrate, on alkali mel&l chlorate, on 
alkali meUl perchlorate, an alkaline earth metal chlorate, an 
alkaline earth metal perchlorate, unrooawn perchloratC, 
sodium nitrite, potassium nitrite, silver nitrite, a complex 
Salt nitrite, a solid organic nitrate* a solid organic nitrite, or 
a soft! oqpmc amine, and where ibe rocUl TueJ and oxidizer 
»fe prcACrtt io amountA nulSeiecit to provide aa autoigmtioo 
composition having aa auioignition temperature of no more 
than about 232 a C. The present invention alro relates to a 
method for initiating a gas generator or pyrotechnic com- 
position in a gas generator Or pyrotechnic device exposed to 
flame or a high temperature environment. In the method of 
ifco invention, (he gas. generator or pyrotechnic composition 
is placed in thermal contact with a low temperature autoi- 
gnition composition of the invention, 

31 Claims, No Drawings 
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i* 

LOW TEMPERATURE AlTTOIONmON 
COMPOSITION 

I 

This application is a awtumalkm-irHpart of VS. appli- 
cation Set. No. jffled on May 14, 1996 oow US. 
Put. No. 5,959,242. ; 

HELD OF t}hE INVENTION 
i 

The inveution relates to gas generating compositions, 
such as those used in 41 air j bag" passive restraint .systems 
and, in particular,, to autoignition composiuoas that provide 
a means for initiating combustion of a main pyrotechnic 
chaise in a gas generator ox pyrotechnic device exposed to 
temperatures significantly above the tcmpcraiujcA at which 
the unit is designed to operate 

BACKGROUND |oF TOE INVENTION 

One method oommonlyj used lor inflating air bags in 
vehicle paxjnve restraint system* idvoIvcs. tbc use of 3D 
igmtable gas generator tnat| genera tes an inflating gas by AO 
exothermic reaction of the components of the gas generator 
Composiuoa. Because of the nature of passive restraint 
systems, the gas; must be generated, and the air bag deployed 
in a matter of milliseconds! For example, under representa- 
tive conditions* only about|60 milliseconds elapse between 
primary and secondary collisions in * motor vehicle 
accident. X.C,, between the collision of the vehicle with 
another object and the col&ioa of the driver or passenger 
with either the air bag or a| portion of the vehicle intorior. 

in arlrtirinn,, the inflation gas const meet several stringent 
requirements. The gas must be non-toxic, non-noxious, must 
have a generation temperature that is low enough to ovoid 
burning the passenger and the air bag, and it most be 
chemically inert so that it is not detrimental to the mechani- 
cal strength or integrity of {the bag» 

The stability and reliability of the gas genera tor compo- 
sition over the life of the vehicle are also extremely impor- 
tant The gas generator compo^tioo. must be stable over a 
wide range of temperature and humidity conditions, and 
must be resistant to shock, so that il is virtually iznposdble 
for the gas generator to be [set off except when the passive 
restraint system is activated by a collision. 

Typically, the inflation gas is nitrogen* which is produced 
by the decomposition reaction of a gas, generator oompota- 
tiou containing a. metal azidc. One such gas generator 
composition is disclosed zn Reissued U.S. Pat. No. Re. 
32^84. The solid reactants of the composition include an 
alkali metal stride and a meial oxide, and arc formulated to 
ignite at an ignition temperature ot'over about 515" C. 

'the gas generator composition is typically stored in a 
metal inflator unit mounted in the steering wheel or dash- 
board of the vehicle. Several representative inflator units ore 
disclosed in U.S. Pat. No*. 4,923,212, 4,907,819, and 4,86$, 
635. The combustion of the gas generator composition ifl 
these devices is typically initiated by an eh^tacaDy acti- 
vated initiating sqiiib, which contains a small charge of an 
electrically ignitable material, and is connected by electrical 
leads to at least one remote collision sensing device. 

Due to the emphasis, on jwetght reduction for improving 
foci mileage in motorized vehicles, inflator units arc often 
formed from light weight materials* such as aluminum, that 
can lose strength and mechanical integrity at temperatures 
sij^uficundy above the normal operating tempera lure of the 
unit. Although the tcmpcrHtDrc required ibr the unit to lose 
strength and mechanical integrity is much higher than will 



',702 Bl 

2 

be encountered in normal vehicle use, these temperatures are 
readily reached in, for example, a vehicle fine. As the 
Operating pressure or standard pyrotechnics increases with 
mcreasing temperature, a gas generator composition at its 
5 autoignilion temperature will produce au operating pressure 
that is too high far a prewaire vessel that was designed for 
minimum weight. Moreover, the melting point of many 
non-azidc gas generator compositions is low enough for the 
gas generator composition to b molten at the autoignition 
10 temperature of the composition, which can result in a toss of 

ballistic control and excessive operating pressures, 
Therefore, In a vehicle fire, th ignition of the gas generator 
composition can result in an explosion in which fragment* 
of the inflation unit are propelled at dangerous and poten- 

15 tially lethal velocities. 

To prevent such explosions air bags have typically 
included on autoigniiion composition that will auto-ignite 
and initiate the combustion of the main gas generating 
pyrotccrmic charge at a temperature below that at wtneb the 

20 shell or housing begins to soften and lose structural integrity. 
The number of auloignition oompositicais available in the 
prior art is limited, and includes nitrocellulose and mixtures 
of potassium chlorate and a jmgar. However, nitrocellulose 
decomposes with ago, so that the amount of energy released 

25 upon auloigm'lioo decreases, and may become insufficient to 
property ignite the main gas generator charge. Moreover, 
prior art autoignition compositions have autoigniiion tem- 
peratures that are too high for some applications, e.g., 
oon-ezidc auto air bag main charge gencrunts. 

00 Therefore, a need exists for a stable autoignition compo- 
sition thai is capable of iflniting the gas generator compo- 
sition at a temperature that is sufficiently low that the inflator 
unit mainraiiw me chani cal integrity at the autoignition 
temperature, but which is significantly higher than the 

35 temperatures reached under oocmal vehicle operating con- 
dittoes. 

SUMMARY OF THE INVENTION 

40 The present invention relates to an auloignition compo- 
shjon for safely initiating combustion in a main pyrotechnic 
charge ia a Ras generator or pyrotechnic device exposed to 
flame or a high tempera rare environment- The auto^gnjtiOD 
conrposiuoiis of the invention cctnprisc a mixture of an 

45 oxidizer and a powdered metal fuel, where the oxidizer 
comprises at least One of an alkali metal or an alkaline earth 
metal oitrato. a complox salt nitrate, such as Ce^NR*^ 
(NOa)o 07 ZrCKNO^, a dried, hydra ted n urate, such as 
Ca(NOjMHiO ox Cv^O^ZS H a O, silver niiratc, an 

5Q olkalx or alkaline earth metal chlorate or perch lorate, ammo- 
nium pcrchloratc, a nitrite of sodium, potassium, or silver, or 
a solid organic nitrate, nitrite, or amine, such as guanidine 
nitrate, mtroguanidine and 5<-aininotetrazDle, respectively. 
Preferably,, the oxjkbzcr comprises silver nitrate or a comelt 

$5 or mixture comprising silver nitrate and at least one of an 

r , alkali metal nitrate, an alkaline earth metal nitrate, a com- 
plex salt nitrate, a dried, byd rated nitrate, an alkali metal 
chlorate, an alkali racial pcrchloralc, an alkaline earth rectal 
chlorate, an alkaline earth metal porchlorato, animonium 
perch loralc, sodium nitrite, potassium nilrue, silver nitrite, a 
complex salt nitrite, a solid organic nitrate, a solid organic 
nitrite, or a solid organic amine, and the metal fuel and 
oxidizer are present in amounts suflicienl to provide an 
autoigoition compositioA having an autoignition tempera- 

65 euro of no more than about 232° C 

'typically, the autoignition tempera rare, ihc tompcr.iture a I 
Which the auloignition cC^npccQiions of the invention spon- 
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LiiKOtuly ignite or autoigmtc, is between about 80* C. and devices, in particular, vehicle restraint system aii bag infla- 

obout 232° C- To obtain tbe desired autoigoition tors. The autoignition compositions ensure that the gas 

temperature, tbe auioignition compositions of the invention generating or pyrotechnic devico functions properly and 

may further COrtlpriSC an atfcali or alkaline earth chloride, wfcly when exposed m a high temperature environment, i.e., 

fluoride, or bromide comcllcd with a nitrate, nitrite, chlorate, 5 that combustion of the main pyrotechnic chaise is initialed 

or perchlorate, sudi that the autnigniiion composition lias a at a temperature below the tempera tore al which I he material 

cutcctie or pcritectic in tbe range of about SO* C to about used to form the shell or bousing begins to weaken or soften. 

250* C. In addition, for joomptrdtions witb low output If tbe autoignition composition is not utilized, tbe device 

energy, an output augmenting compodtion, which comprise* crwy oot function properly or sately if exposed to high heat 

an energetic oxidizer of ammonium pexchlorate or an alkali or flame, because the operaling pressure of standard pyro- 

metol chlorate, percblomte jor nitrate, in combination with a technics increase* with increasing temperature. Therefore, a 

metal, may be added to tbe composition. ^ geaerator composition at its autoigoition temperature 

Prctcrrcd autoignition competitions include oxidizers of a can produce an operating pressure that is too high for a 

comeit of silver nitrate arxt alkali metal or alkaline .octal vessel that w» designed for minirnum weight, 

nitrate*, mtrues, cWoratcsjor percbtorates, ox a nitrite of Moreover, tbe melting point of many non-azidc gasgenera- 

sodiurrj potassiuro, or silver, and msrturcs of silver nitrate mr ^^^[^ i% low CI)OUgh for ^ ga?4 g^c^r com, 

andaoLd orgmuc mtrates, c« amines. option to be molten at the autoignition temperature of tbe 

The ^ctedme^uselul as fuel in the present usryen- ^po^tion, which can result in a loss of twdlistic control 

ehroriiumTrun^ten, ^oncse, iiCoS&tf^ *> ^ corrrpor*nt> of *c g* generator 

copper, zioc, cJmium, Alimony, bismuth, aluminum <? PynHechmc compositjon within the device can 

cermm. and silicon. It should be noied that molybdenum ^ ° rmb1 ^ ■»» « ** »«e^ed rate 

appears to be unique in As reactivity with the oxidiwxs «*dting * « xftouM ^ M d stroy the device, and 

described above, and is therefore the preferred metal fuel. °ouKJ possibly propel harmful or lethal fragments. The 

The most preferred ioorgwiic atuoigmrion composirioos 25 autoigniuon compositions of the invention provide an effco 

include Cornells of silver; nitrate and potassium nitrate, mcac5 $M preventing sucb a catastrophic occurrence, 

mixed with powdered moly ( r)dcmirn metal. Tn such an aulrri- The pyrotechnic autoignition compositions of the inven- 

(miiion co reposition, the comclt is ground to a partkk size tion provide several advantages over typical autoignition 

of about 10 to about 30 [microns, and the morybdenum materials currently in use, such art nitrocellulose, including 

powder has a particle size of less than about 2 microns. The M a lower auioignirioo temperature and be tier thermal stability- 

t mole fraction of silver nitrate in the come It is typically about Xhc preferred compositions autoignitc over a narrow tcm- 

0.4 to about 0,6, tbe mole fraction of potassium nitrate in the perature range, and provide extremely repeatabte perfor- 

comclt is about 0.6 to 0.4, [and tbe comclt is mixed with at mance. The complete series of c*rnposilions described and 

least a Stokmomctric amount of morybdenum powder. claimed herein have a wide range of iratoignition tempera- 

The most preferred organic autoignitioc comr>ositions M tyres that can be tailored for particular applications, lhc 

♦ tlL nuxt J rc sUv ? ^^^g^^'cHne nitrate, and ^moigaiuoo comporitjons ako may hove low to moderate 

molybdenum. Id such ad autoigmUon composuron. the hazard scuauvitics, Lc f DOT 13c or lower, 

amount ot molybdenum may be vaned to adiust the autoi- ^y- A _ . > . . 

tuition temr^r^. If t^ TTw autouputioricomr^ onnpnsc 

Sin the stoiSu^trican^ auto^ition tempore a miXtuxc 1 ? f 2 ^ focl I** ^ 

of tbe autoignirJon composition wiD debase as tbe amount 4,0 DT . ^ ^ . mctal ^ ^ ^ 

of ruolybdenum » increasecL nitrate, alkali or alkaline earth metal cbloratos or 

The present invention also relates to a method for safely PCTChloratCS. anmonhm pcrchloiatC nitrites of sodium, 

initiating combustion of a gas generator or pyrotechnic pc^rfum, or silver, or a cim^lex salt mtrate, such as eerie 

composition m a gas generator or r^rrotcchrijc devkc having »ojmomum rntraie, Cc(NH M**Oj 6 , or icuconuim oxide 

a housing when the g*s gcbemtor or pYrotechuic device is diniirate, ZrO^O^. As usod heroin, the term "powdered 

exposed to flame or a high temperature environment The melaT eveonrpattie* metal powdcrx, particle*, prijtx, Hakes, 

method of the invention coiaprises fbrmfng an autoigmn'oo a£rv other form of the metal that is of the appropriate size 

win position, a& described above, and placing tbe autoigxa- nnd/or surface area for use in the present invention, i.e. , 

don oompontioa in tbeTBuUjconr&ct with the gas generator or typically, with a dimension of lc£& than about 100 rmcrons. 

pyxoU^mic <.*ompoailioa within the gas generator or pyro- 5u When more than one oxidizer k used in the comporarion, 

technic device, Mich thai the euloignirioD compowtioQ cmoi- tbey may be provjrjod cither a» a mixture or a comclt. 

gnites and initiates combustion of the gas generator or Cornells have outoctics and/or pcriteciics in the range of 

pyrotechnic composition when the gas generator or pyro- about $0 a to 250" C- 

technic c^viceis exposed |to flame or a hi^i tcrrrpcraturo orflaoic ni^"^ R^ONO^ nitrites, R-(NOJl, 

crmionmcnt. The mclbod of the luvcotion rn^y also include 55 ^ R— <NH„)„ can also be used as the oxidizer 

the step of mixing the atfoigniiion cornpositioa with an Z^^Znt ^J Zn^ ^^^-J^ !Z^^ZZ, 

j^I^Za component, cttner aiooe or m combmatioQ with one or more 

output augmenting compoation, as described above, such 6 fcer solid organic mlrate, nitriio, or amine or with on or 
that the autoignition composinon autoicmtes and initiates , . . *^ . . : . , ' " 
combusb'ou oftbe outpu^gtnentag c^mposition,^^ m ^ r ^ urates, mtnles, chlon.lcs or perchlo. 
in turn, initio* cJS^n^tbe g« gpieW or p^ro- ^ ^ d Ab **> *>i preferably only as mectomcaJ rmxes 
technic composition when the gas generator or pyrotechnic 50 *° mc ^ these sohd organic mate- 
device is exposed to flamd or a high tcmpcrarure environ- ™* T th M^hic/orgamc oxidizers may produce unstable 
dent. | combinaUoos- Preferably the solid organic nitrates nitrites 

DmiLmnp^rpjjmoMnp™ ^ uniDCS tbn are Vficfol ^ Arming the autoignitioc 

DETAILED DES^nOTON OF THE compositions of the invention have melting points between 

IT " nboul 80 ° C * md aboui C ' When hcalecl » mixtures 

The aulmgnilion compositions of tbe invention are miji- should preferably produce eiiteafcs and peritecrJcs in the 

able for use with a variety of gas generaling and pyrotechnic range of about 80° C to about 250° C. These mixtures may 
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be combined with one or] more of the metals disclosed In ibis high temperature, molten salt tTivironmeni neither 

powdered, granular or pel tetized the Mg(N nor the A# metal ait stable, and a second 

reaction quickly occurs to produce metal and nitrogen 

It bu also been determined using selected bydratcd iDCUl oxides: 

nitrates, such as CamoOJ-4HjO and CvOXO^ZS H 2 0, 5 „ k . k 4 _ . _ .... 

Qui hy^cscopk, low mtffagW meiainuSe* cao be 2^^^Aa a o*^2NO* qn) 

dehydrated and stabUized relative to moisture absorption by wbco potassium nitrate * also present in the comelt, the 

comtiunfi with ^hydrous metal mmtes. sncH as those follc>wing reaotk)Il ^ occu^. 
described above. It w hebcyod that many other low melting 

point, bydrated me ml nitrate* of the general formula ao 9M&#2XNo 5 *2>fo 2 ^K 3 Ot9M S at-2N ? (rv) 
M^OO/YT^O. inctadingj but not limited to, the nitrate* of 

chromioixu manganese, cobalt, iron, nickel, zinc, cadmium, Summing equations II, III, and IV, yields a net reaction 

aluminum, bwrmitu, cerium and magnesium, can also be thai was given in general terms as equation I. For a com- 

dehydrated and stabilized (relative to moisture absorption position of silver nitrate, potassium nitrate and magnesium, 

and rehydration by comelt Lng with anhydrous metal nitrate*, 35 the net reaction is. 
nitrites, chlorates and/or pcrchloraics. These comelts can be 

combined with metals to produce low temperature (80* C to lAgNCvax^+iOM^A^K^iTOaBO+ZN:^ (v) 

25CPC) jutoignition co^nposioons. A of Diffcrcntial Scanning Calorimeter 

taS „ JK^^ 

SrS^i^a^ Remonstrates fcat at kast two different 

material Cr charge 10 initiate combustion Of the enharbOf and mechiimsms may be involved As described 

main pymtedxmc charge, j Tbc ignition tain for such a abov * l*™ 1 * inoffiwic systems. c.&. KNCVAgN<VMo, 

composition is initiated when the autoignitioc comjxwaiiQD 2* generally autoumiie in the vicinity of a thermal event ciearly 
is heated 10 the eutoignition temperature »«d igniter The vtskle on a DSC scan, such as. a crystallio phase transition, 

beat generated by the combustion of the antoignitioo device a melting point, or a eutechc or peritecne poinL In some of 
ignites the output augmenting material, which, in turn, the organic and mixed irorgamc'organic systems it appears 
ignites; the enhancer and main pyrotechnic charge of the gas thai auloignition of larger mass samples in the rube furnace 

generator. The augmentation material can be a charge which 30 can occur at much lower temperature than auioignition in the 

is separate from the auloignition material, or is mixed in DSC without tbc presence of some small, lower temperature 

with tbc autoiprition composition to boast its output. thermal event observed on the DSC. For example, the 

Typically, an output augmenting composition comprises an CH 0 N 4 0 3 /Af;N'0 3 /Mo system auloijmiiei al 170-174° C by 

energetic oxid ize r, sudi as [ammonium pcrcfaloraie or alkali dsc analysis with no visible thermal events prior to antoi- 

metal chtoralc, pctcbloratei or nitrate, and a metal such as # gmticm. However, a 200 mg sample of the Same compo*ition 

U or Zrc^ar^eials^^ boron. ^ lignites in the tube furnace « 13M58* C. o^pendSg on 

m addmon, the presence of certain metal oxides m a percent coniposilioa. It is possible thai (his ismorc than just 

nitrate, nitrite, chloiatc or pcrchloralc axi&ccz mix or comelt B ma3Ct afreet, and the dramatic reduction in auloignition 

of toe invention c^^^a^^dtk^ m lowering the tcmpamTCS observed in tube furnace testing, as compared 

a^gnmon temper^ 40 to the roams ob Lained with DSC testing, SfBribfytim 

^. m 5._ U w rr! ^mvajom to lowering tne energy or resu](orsomc 

catalytic, self heat inc. or other thermal effect, 

actrvaixon* Metal oxides useful id the invention tor this ^ ^ «v A « ;f- Vr ^ vi^** 

purpose include, but am not limited to Ai^O* SiO* CcO* ™? ? f mtra,e - mt ?^ ^perchlorate 

tradition metal cxide*, which indudci bm are oet uscdman autcigmooD composition can vary significantly, 

limited 10 V 4 O s , CrO > OjO a , MnO^ Fe^ Co^O^ NiO, For lno ^ Raic l systems, the mole percent or molar 

CuO, 7nO f ZrO^ Nb^O^ MoO^, andAj^oT * raho of thc nrtratc - nitrit «* c^'orate or perchloratc oxidirer 

; In H e auuwgmtioq compost ibe invention, Ubc comports in binary and ternary mixes and Cornells should 

nitrate, nitrite, chlorate or bcrchbralc component or com- ^ ^ioacWeLr^ally balanced with the metal or metal* in 

portents function as an oxidizer, and the mutal serves as a uc lmI wto^nmoo compositioo, i-e-, the molar amounts 0 f 

fuel Fercximpk, thc reaction of a cc^nposition comprising ^ oxidizer and metal fuel axe substantially proportional to 

a comelt of metal nitrates and a metal proceeds according u> 50 t^e molar amounts gjvep in the balanced chemical equation 

the general equation I for the reaction of tbc oxidizer with the fuel. However, it 

! appears that the autoignition temperature for organic/ 

inorganic compositions comprisinr molybdenum metal can 

M*td 3 C^M^Oa^^ (f) ^ ^ rnolyt>o^ metal content from 

Tht drivicg force for this reaction appears to follow the 55 stoichiometricaliy balanced to extremely metal (fuel) rich, 

activity series or ekctromonVe series for metals, in which As thc molybdenum metal content ss increased the antoi- 

metallic elements higher in the series will displace, i.e., gnition temperature decreases. It is believed that this holds 

reduce, elements lower in the scries troxn a solution or melt. true ibr the other incUd Iuefc> described above. 

In particular, oxidizer systems containing sOver nitrate and/ The amount of each oxidizer component in a mixture or 

or sOver oirritc will gencnttly yield very efficient autoigni, w gomc]: depends on the molar amounts of the oxidizers at or 

boo materials with respect to case, rate, and intensity of ncar ^ cutcctic point for tbc specific wddiser mixture OT 

rcactjon when compouiided with metals winch are high in Cornell composition. As a result the nitrate, nitrite, chlorate 

ikTJ2LT i h-sZi .-Z-XT^ .71 „ tie major component in some autoiguooD compoauoos of 

j component in others. '1 hose drilled in the art win be able to 

2A B >?Oj*M a — 2a & »m b (no 3 ) 2 (ti) determine the required amount of each component from the 

i 

i 

I 

| 

i 
I 
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stuiduunwlry oC Lbo autoigrritioo rwidiyn or by routine potassium nitrate is from about 06* U> About 0.4. The 

exrjenxnenliitiou. I exposition further comprise* an essentially stokhiometric 

Ttc preferred compositions comprise a comclt of silver amount or molybdenum, 

nitrate, AgNO^ and & nitrate of an alkali metal or an alkaline The autoigrritiou temperature can bo adjusted and tailored 

caftb mct&l, preferably, lithium nitrate, UNO*, sodium $ for Specific uses by varying the amount, and types of the 

nitrate, NaN0 3 , potassium nitrate, KN0 5 , rubidium nitrate, metal nitrates in the comclt and the specific metal used. The 

RbN0 3 , cesium nitrate, | CnN0 3 > magnesium nitrate, most preferred compositions of AgNOyTCNO^/Mo have an 

MgflTOj)^ calcium nitrate, CafNOa)^ strontium citrate, auim'gnition temperature between 130° and 135° C. 

$r(NO.0±> 07 barium nitrate, Da(NO^ a nitrite of sodium, Kor the majority of the compositions described herein. 

NaNO s . potassium, KN0 2 ,jand sHvcr,AgNO-, a chlorate of 10 oulrngniiioo appears to occur wry near a phase change. For 

an alkali metal or an alkaline earth metal, preferably lithium example, a inciting or crystal structure rearrangement of one 

chlorate, LiCKX*, sodiumj chlorate, NaCtO.^ potassium of the oxidizers in a mcchAoJcat mix, or of the single 

chlorate, KCIO^ rubidium chlorate, RbOO a , caJcinm oxidizer in simpler systems. In binary and lomary comclt 

chlorate, Ca(QOy)? f strontium chlorate, SrtClO^ or systems, antoigniiicn occuci near a eutectic or peritcctic 

barium chlorate, BaCClO^ or a pcrchlorate of an alkali is point. In all of the cases described above, the oxidizer 

metal or ao alkaline earth metal, preferably lithium softens or melts producing a idnetically favorable environ' 

pcrchlorate, LcdO* sodium pcrchlorate, N*C10 4 , pctaa- meat for reaction with the metal, 

sium perxhloraxe* KClO«, jrubidium pcrchlorate. RbGK>„, Each system of comelred oxidizers is unique. A simple 

cesium pcrchlorate, GsC10 4 , magnesium pcrchlorate, binary system can have a single culcctic point, as described 

Mg(C10i) 2 . calcium pcrchlorate, C^CIO^ strontium 20 by the phase diagram of the system, that results in a single 

pcrchlorate, &r(C10^~, or | barium perchlorato, B^OO^. outoigniuon ternperamre for a specific mrtal/comek com- 

Preferred compositions also include mixtures of AgNCX, and position. For example , a binary comclt of LiN0^KN0 3 with 

the solid organic nitrate gsianidinc nitrate, CH rt N 4 O v molybdenum will autoigmie at 230° C. 

The preferred metal jfncls arO molybdenum. Mo, Other more complicated binary and ternary comclfct can 

magnesium, Mg, catciumJCa, strontium^ Sr, barmm. Bo, 25- have eutectic and peritcctic points that result in severs) 

titanium, Ti, zirconiuxQ, Zr, vanadium, V, niobium, Nb, different autoignitioa temperatures for a specific metal/ 

tantalum, 'la, chromium, Or, tungiton, W, manganese, Mn, comclt system. Ibc autoignition temperature of the compo- 

iron, Fe, cobalt, Co, uictel, Ni, copper, Cu, zinc, Zo, sirion is dependent on the molar ratio of tbc oxidizers io the 

MHm.'Hm, Cd, tin, Sm antimony, Sb, brsmnth, Bt, aranrmum, eomcU. For example, a binary comclt of AgNO</KN0 3 with 

Al> Cerium, Cc, and silicon. Si. These metals may be used molybdenum has on autoigmtion temperature near the pcri- 

alonc or m comhfnation. j tccttc point of 1 35* C. for comelts with less, than 58 mole 

The most preferred metal fuel, molybdenum, appears to percent AgNO*, based on the weight of the comclt, but ha* 

be unique in its reactivity with nitrate, nitrite, cniurale and an auloignilioD temperature near the euiecdc point oC 118* 

pcrchlorate salts mixes and comelts. Molybdenum metal C for comelts with 58 mole percent AgNO* or higher, 

bos reacted and antotgnitodlwith every oxidizer and oxidizer 35 The eutectic and peritcctic melting points of a binary 

system of nitrates, nim'te&, chlorates and perchlorates tested. system tends to set the upper limit for any ternary system 

is not fully understood, there containing the specific binary combination of oxidizers. In 

5, Of catalytic interaction between other words, the melting point or eutectic of a ternary system 

, nitrites, chlorates and pcrchlor- cannot be higher man the lowest melting point of a binary 

atCS. t 40 combination within iL 

'the binary and ternary oxidizer systems can be mixed by ■*' In some cases certain noo-coctgctic salts such as alkali 

physical or mechanical means, or can be comeltcd to pro- and alkaline earth chlorides* thiorides and bromides can be 

duce a higher level of ingredient intimacy in the mix. comelted with selected nitrates, nitrites, chlorates and 

Repetitive comclung, preferably 2 to about 4 times, pro* perchlorates* preferably AgN0 3 and AgNO*, to produce 

dUCCS The highest level of ingredient intimacy and mix 45 eutectic* or pentedicx preferably m Irto range of about 80* 

homogeneity. The oxidizers in mechanical mixes should C to about 250° C These comeUs will be combined with 

each be ground to am average particle sue (APS) of about any one or more of the listed meLals to produce the aului- 

100 microns or less prior to mixing, preferably about 5 to gm'tion reaction. Selected nitrates, chlorates, or pcrcolo rates 

about 20 microns. Comeft? of oxidizers should also be may also be added to augment ignition and output 

ground to less than about 100 microns APS, again, with a su The autoignilion competition of the invention is prefbr- 

prefcrred APS of about ?| u> about 20 microns. Average ably placed within a gas generating or pyrotechnic device, 

particle size of the metals iased io the an to ignition oompc- e.g., within an inflator housing, where, when the inflate* is 

sidons should be obout $5 microns or le^swjih the preferred exposed to flame or a high temperature enrvironmcnt. tbey 

APS being less than abont 10 microns. The reaction or operate in a manner that allows the autoignition composition 

burning rate and ease ofj autoignilion increases as mix 35 to ignite and ieitiaxe combustion of the pyrotechnic charge 

intimacy and homogeneity increases, and os the average of the device at a device tempcramre that is lower than the 

particle size of the oxidizers and metals decreases. In other temperature at which the device loses mechanical integrity, 

words, reaction rate and ease of a utuignition arc proportional As the operating pressure of standard pyrotechnics increases 

to mix intimacy and homogeneity and inversely proportional with increa sing tempcramre, a gas generator composition at 

to the average panicle <&e of the oxidizer and metal 60 its outoigmlion temperature will produce on op cm ting prcs- 

components. j sure that is too high for a pressure vessel that was designed 

The most preferred purely inorganic composition is a for minimum weight. Moreover, the melting point of many 

comclt of silver nitrate and potassium nitrate, ground to a non-azide gas generator compositions is low enough for the 

particle size of about 20 microns, mixed with powdered gas generator composition to be molten at the autoignilion 

molybdenum having; a particle size of less than about 2 65 temperature of the composition, which can result in a Joss oC 

microns, Tbc mote fraction of silver nitrate m the comclt is ballistic control and excessive Operating pressures, 

from about 0.4 to about 0.6, and tho mole fraction of Therefore, in a vehicle fire, the ignition of ibegns generator 
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WD position can rcsull in ain explosion in which fragments Example 2 
of the inflation unit Are propelled at dangerous and poten- 
tially lethal velocities. Wtf o|tnc> autoignition compositions of ^ t ^ „ A „ 
the present invention, the combustion of the main pyrotech- A^Ai>NOy^7^ Afi2 f>47nO*N 3 (vn> 
Die charge is in itiated at a tcropcraturc below the ternperature 5 a cnrnclt nf cquimol ar amounts of wrvcr nitrite, AgNO,, 
at which Lbe material usee* to form the ahcll or housing and silver nitrate. AgNO,, was mixed with a stoiciuometrTc 
begins to weaken or Noflen, and the uncontrolled COmbustioo amount of zinc, Zn, metal in accordance with equation VII, 
of the gas generator or pyrotechnic composition at higher i<>., 26.3% by weight Agtf Oj, 29.0% by weight AgiVO^ aod' 
temperature* is prevented, -which could otherwise result in 44,7% Zo, An autoigniLion Icmpcraliirc of 130±2* C. was 
ati explosion of the device. Preferred locations withio the gas jo determined for the exposition using OSC. 
generating or pyrotechmc device include a cop or recessed 

area at the bottom of the housing of the device, a costing or Example 3 
peiiet affixed to the inner .surface of the housing, or inclusion 

as part of the squib used I to ignite the gas generator ox „. „ m Mm ^ ^ ^ 

py^echnk: coition dU^r«l<X*r if w^^^^, (vm) 

'Iho foregoing leatares,! aspects and advantages of the A comclt of eqnimolar amounts of AgNO? and AgNCX, 

present invention will become more apparent from the was mixed with a stoicm'concuic 1"^"^ of Mo metal in 

following eon-limiting examples of the present invention. aceotdartce with equation VI IT, i.e., 34.1% by weight 

i AgNOj, 37.6% by weight AgNO^ and 28.3% by weight 

EXAMPLES 20 Mo. An autoigmtion temperature of 131*2° C. was deter- 

The d^tennmaliOD of tcr^ratnres of auction, thet^ conrposition using DSC 

nul deoomposilioD^ mejling, euteciics and pcritectics, crys- Example 5 
talline rearrangements, etc was performed on a Pcrinxi* 
Elmer DSG*7 differential scanning calorimeter. Scanning 

rates ranged from Chl° G/min to 100° CJrnio. Due to heat •* 2A&o^$Nv-A&teMs<Mi t (X) 

transfer effects at higher scan rales* the most accurate results . , 

were o^od n^Z^^TnJ(>A ^ AgNtX, was mixed witha simchioiiwttie amount of 

^\ . L . the composition using DSC. 

A number of the aiitcnganon compositions display mass 

effects that can affect the antoignition temperature. For Example 6 
example, a 6 mg sample of F iCICyMo will into ignite at 

146" C. on the DSC (1° C/min $can rate). This antoigmtion « 

occur* just after a crystalline phase transition. On the other KM^iAgNOytffMg^N^OMaOtKa^ (xrj 

hand, a 2 mg sample docs not antoignitc nutil 237* C. which AgNOj was mixed with a stoichiometric amount of 

is just before the melting [point Of UQO, (24S* C). To potassium perchlorau KCK> 4 , and Mg in accordance with 

address these mass officers on a larger scald and also to test equation XI, i . . . , 19.9% by weight KCiO^ 48.7% by 

application size samples, typically about 50 to about 250 40 weight AgNO s and 31.4% by weight Mg. An avtoignition 

grams * tightly temperature controlled tube furnace is used. temperature of 154*2* C. was detennined for the composi- 

This also provides a practical means of determining time to tion using DSC 

autoignilion at a selected temperature for various sample i t maY be noted thai the composition of example 5, 

sizes ranging From about 50 to about 250 grains. AgNCVMg, has about the rone miloignirion temperature! 

_ I . 1 45 157° vs 154* G. as the composition of example 6, AgKO^/ 

^KP* 1 KOO^/Mg. Aeuurdinfil* it nnj^L be concluded that the 

j AgNO^Mg reactian is die driving force m both cases. 

fiAgNCWK>K^ rvn Howwer. the AgNOs/KCKVMg composition reacts with 

I much greater energy than the AgNO^/Mg composition. In 

An autoigninon composition was prepared by mixing a 50 general, pcrchlorates produce greater energy than nitrates in 

comcli of equiznolaT amounts of silver mtraie (AgNOn} and this type of reaction, and, thus, this example demonstrates 

potssffinm aitrntc (KNO3) with a ftfodchioroerric amount of a ouipui augmenintion by KCIO*. 

morybdenum (Mo) metal iaccording to equation VL ~hd. w _ 

39-4% by weight AgNO^J 23^% by weight KNO^ and Example 7 

37.1% by weight Mo. Aln autaigmn'os temperature of 55 

135*1* C. was dctcnniDcd for the compositioD using dif- 6AeNO^LiNo»+iOMo-3A^t>f^L^ (xu) 
fflrential Scanning Calorimetry (DSC) with 2 10 8 mg 

samples. However, when a| 200 mg sample way tested in a Acomelt ofcquimolax amounts of lithium nitrate UNO,, 

hjbe fpraace. the autoignition tenmcrature was 13C±2* C, AgNO, was mixed with a stoichiometric amount of Mo 

demon^lratiDg the extweuce of ft ran$s eCcct. 60 ra ctal, in accordance with equation XII, i.e., 17 J% hy 

Tbcie arc two melting points and* therefore, two antoi- weight LiNO^, 42.6% by weight AgNO^ and 40.1% by 

gnitioo temporalur» aswcttted with this set of material. A weight Mo. An autoignirion temperature of 17512° C. was 

composition with a weight! percent of AgN0 3 greater than determined for tbc composition using DSC 

44 .6% of the autoignition composition melts and autoigmtes „ , _ 

allhtf euloctkatll8^C.|Howcver,wimawt^ 65 example » 
of AgN0 3 of less than 44,0%, the composition melts and 

auioigniles at the perileClie at 135±2° C. 2A 8 N^2C^o^5\fc>^A a /W2C^5Mo<V^N 3 (xm) 

i 
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A Cornell of cquiinolar amount* of calcium nitrate, 
Ca(NO-\)jX ^ AgN0 5 was mixed with a Moicm'ornetric 
amount of Mo racing in accordance with equation XUI, j*j0„ 
28.6% by weight CaCNO^, 29,6% by weight AgNO, and 
413% by weight Mo. An autoignition temperature of 
193i2* C. was dctcnnincdlfor the oompo»don using DSC. 

Tbc Ca^O^Xt was received as Ca^O^ -411^0 and was 
dried to remove the H2O before comclting. 

Pjgunple 9 



AgN0 3 was mixed with a stoichiometric amount of Mo in 
accordance with equation XIV. i.e.. 68.0% by weight AgN0 3 
and 32j0% by weight Mo.|This composition autcagniled at 
199±2* Q by DSC analysts, 

i 

Exxmple 10 



AgKQa was mixed with a Muichiumctdc amount of 
KCIO4 and Mo in accordance with equation X\£ i.e., 
by weight KCIO4. 443% fey weight AgNO a and 37.6% by 
weight Mo, The compoeittOD autoignited at 192*2* C as. 
determined by DSC analysis.. 

As with the AgN<VMg and KQOVAgNCVMg. 
described above, A^NO^/Mo anmignites at nearly the etame 
temperature, lOO» c vs 192* C, » the KClO^AgNOyMO. 
However, the KCNVAgNCVMo system autoigzxitcs with 
greater energy than (he AgljtCX/MO, and is another example 
of output augmentation by, KU0 4 . 

! 

Example 11 



I 

A OOmeh of on eqiiimoUu* ratio of AgN0 3 and sodium 
nitrate, NaNO^ was mixed with a stc&tfomctric amount of 
Mo metal in accordance wjith equation XVI, it, 205% by 
weight NaNOj. 41.0% by weight AgN0 3 and 38.5% by 
weight Ma Toe composition autoigmtcd at 217*2° C by 
DSC analysis* 

Exampk 13 



larger samples, i.e.* 50 to 250 mg, arc boated in a lightly 
temperature controlled tube furnace. An to ignition tempera- 
tures ranging from 128 to 15S* C. huve been produced in the 
tube furnace with 200 rug samples of various CH^O^/ 
5 AgNOVMo coicposliioiis. in both powder and pellet form. 
The autoignitioa temperature for CI f^N^Gj/AgNOj/Mo 
compositions can be tailored by adjusting tho molybdenum 
metal content from stokhtomctricaUy balanced to extremely 
foci (metal) rich. As the molybdenum metal content is 

30 increased the auto ignition temperature decrcAserw. The fol- 

lowing balanced equations represent a progression from a 
folly oxidized CH^N^OVA&NOVMo system through 
pcrv) increasingly under oxidized or fuel rich systems. 

CH^^^2A s NO,^Mo^MdO^A^^3N 7 KX> 3 +31^C> (XX) 

l&LjO (XXI) 
3CH^ 4 O>4AgP«>»-+^^M0C^*4Ag^ I 4s^crv 

(XXD) 

(xxnr> 

<MUj <xxrv) 

Amounts of molybdenum metal added in excess of the 
sfoidnomeuic amount given in equation XX will produce 
thermal and possibly catalytic effects which further reduce 
the Otttoignrtion temperature. 

Example 14 



fXV) 



Tetramethyl ammonium nitrate, N(CH$).|NO a , was mixed 
with 5-aminotctrazoIe, CNsH v potassium chlorate. KC10 3 , 
and molybdenum, Mo, in accordance with equation XXV, 
„ Lo^U^% by weight N(CH^ 4 N0 3 ,$.2% by weight CNjHg, 
$63% by weight KCIO^ and 23.5% by weight Mo. An 
mttmffltition temperature of 155^2" C. was determined for 
this composition using, DSC analysis. Tbc 5-amiooictrazole 
u&ed should be anhydrous. 

example 1$ 



2N(C^ 4 NO J +2Clf i IlH+7Ka0 4 -^o^7N^7CO+X»>6H,CV+ 

eH^SMoO^Txa rxxvi) 



$0 



CH a N^^VsN0 3 *M^McO^N^(>^3H 3 0*A & 0 (XIX) 

A 1:2 ratio of goamdino nitrate to AgN0 3 was mixed with 
a ^oiebiometrie amount oljMo in accordance with equation 
XIX, tx^ 21.9% by weight CH^O,,, 60.9% AftNO, and 
172% by weight Mo. Tbc compaction autoigniicd at 
172*2* C (by DSQ- 

This cornposition » also an example of organic nitrates in 
autoignition reactions. However, this composition is fully 
oxidized, and* therefore, [requires no external source of 
oxygen. I 

Mass effects have been observed with this composition. 
For 2 lo 8 mg samples* DSC auloiprition temperatures 
between 170 and 174* C. were observed. Mass, thermal and 
possibly &lf Seating/catalytic effects become evident when 



Telnunelhy] ammonium nitrate, N(CH > ) 4 N0^, was mixed 
with S^nrinotctra/olc, CN S H„ poLa.vcium porchloratc, 
KQO*, and molybdenum. Mo, in accordance with equation 
XXVI, Le., 13.1fc by wc%hi N^i^O,, 0.1% by weight 
CNjH^ 52.1% by weight KCIO^ and 25.7% by weight Mo. 
An Autoignilion tempera txirc of 170^3° C was determined 
for this composition by DSC analysis The 5-aminotetiavole 
n&cd fthould be anhydrous. 

The invention has also been successfully tested in timed 
auloignitioD tests at various tempera lures, and in bonfire 
40 tests in prototype automobile air bag inflators. 

While it is apparent thai the disclosed invention is well 
calculated to fulfill the objectives stated above, it wffl be 
appreciated that numerous rnc^mcauons and embodiments 
may be devised by those skilled in the art, and it is intended 
ttf that the appended claims cover all such modifications and 
emboduiKOts that fall within the true spirit and scope of the 
present invention. 
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We claim: j crmsi'sling essentially of silver nitrate and potassium nitrate, 

1* Alow temperature autpigqitjon composition for safely silver nitrate and sodium nitrate, and silver citato and 

initiating combustion of a main pyrotechnic charge in % gas lithium nitrate. 

generator or pyrotechnic device exposed to flame or a high 7. The low temperature atrtoigmiinn composition of claim 

temperature environment, consisting essentially of: 5 4, w herein the silver nitrate oxidizer cornrxvation is a comelt 

a mixture of a saver nitrate oxidizer compositkm afld a . (MiisaStrnftcswotially nf <ri hrer nitrate and potassium nitrate, 

powdered metal fiiel, line saver nitrate oxidizer com- «. The low temperature auto ignition composition of claim 

positioo consisting essentially of one ot 6 ' whercin lhc powdered metal fuel is molybdenum. 

(a) silver nitrate or i 9 * The low temperature autoi&nition opposition of claim 

(b) a comelt or mixture consisting essentially or silver 10 **ta^«x^ 

nitrate and at leak one additional component * j£? ut 30 mxCTOi^ and toe molyWenvm powder has a 

elected from the group consisting of an altodi r»»l ^^^^J^^lS^ cr^r^on of 

nitrate, an dkalro evfc metal nitrate, a complex salt ^ ^hzniu ^tmjmaon composiuon of 

nilrate, a <kM h^} nitr*te, u alkali metal tbe mole traction of suver nitrate inthcconieft is about 0.4 

Chlorate, an alkali | metal perchlDrale, an alkaline 15 w afeoQt q^. 

earth metal chlorate, an alkaline eanb metal . , r^;^ ^«;««» «:*-t^ ™ tk^ ,\. 

perforate, srtxmo*™ perforate, sodium nitrite, • , ^^0^04 

^^o^t^^^^ the comelt* is mixed with at least a ^chiometric amount 

a sohd organic mtratc, and a solid organic mtntc; ^ molybdcnvm ^ 

wherein ! 20 11. 'ihe low temperature autoignitioo composition of 

the powdered metal met a* selected from the group g i*im 10, wherein (he autwgnirjoa temperature is about 

consisting of molyodcnum, calcium, strontium, 130-135* C. 

barium, titamum, zirconium, vanadium, niobiun^ 12. The low temperature autotgnition composition of 

tantalum, chromruip, tungsten, manganese, iron, claim 1, wherein the silver nitrate oxidizer composition 

cobalt, nickel, copper, mc, cadmium* tin* antimony, 2S consists essentially of a mixture of silver nitrate and a solid 

bismuth, alwninumj silicon, and mixtures thereof; organic nitrate or a solid organic nitrite. 

the silver nitrate oxidizer composition has at least one 13. The low temperature autoignition composition of 

of a crystalline phase transition, a melting point, a claim 12, wherein tbe silver nitrato oxidizer composition 

eurectic point, or a pcritectic point at a temperature consists essentially of a mixture of idrvet nitrate and gnani- 

of DO more than about 250° C; 30 dine nitrate* 

the metal fuel is present in an amount at least snhotan- 14. The low temperature auto ignition onmpneution of 

tiaHy stoicMoxDCtric relative to the silver nitrate claim 12, wherein the powdered metal fuel is selected from 

oxidizer wmpowriop; and lhc j£uup consisting of molybdenum, titanium, oicumum, 

the tnixtnre of metal [fuel and silver nitrate oxidizer niobium, nidcel, chromium, yfnC, ahnninum, and cerium, 

composition has a mix intimacy and homogeneity 35 15. The low temperature autoigpition composition of 

sufficient between the silver nitrate oxidizer oompo- claim 12* wherein the powdered metal fuel is selected die] 

stton and the metal foci to react in an autoiguition from the group consisting of molybdenum, titanium, 

reaction of metal fuel and silver nitrate oxidizer zirconium, zinc, and ccrfurn. 

eonrpositibn at an lautoignition temperature of no 16. The low temperature auioignition composition of 

more than about 232* C„ thereby providing an 40 claim 12, wherein the powdered xnclal f»el is molybdenum, 

xutpignition composition having the autoignition 17. Toe low temperature nutoignibon ccmposilion of 

tempec&mre of do more than about 232° C; wherein claim 16, wherein tbe molybdenum fuel is present in an 

boating the autoignition composition to the autoigni* amount greater than that required to form a mixture in which 

tico temperature results in a reaction between lbs the amount of molybdenum fuel is. stolen in metric relative to 

silver nitrate and jthe metal fuel, thereby initiating 45 the silver nitrate oxidizer cpmpntutton, thereby providing an 

the anioignition reaction. * autoignition composition having an autoignition tempera- 

2. The low temperature autp ignition composition of claim Lure thai is less dian the auujigmtion temperature of a similar 

1, whercmtbcsuSxrmtratejo)rid^ composition hi which the amount of molybdenum feel is 
consisting essentially of stiver nitrate and at least one of an stoichiomotric relative to the silver nitrate oxidizer compo- 
Allenli mfltal ni tr ate^ aTkal i moral nftrite, Jt Hcal j metal color ? 1 *:, 50 sitiOu- 

alkali metal penduorale, alkaline m«Ud nittatv, alkalme 18. The low temperature auloignilion compoNition of 

metal nitrite^ alkaline metal chlorate, alkaline metal claim 1, further Consisting essunlialfy of an alkali metal 

perchlorate, .sodium nitrite, potassium nitrite, or silver chloride, alkali metal fluoride* alkali metal bromide* alkaline 

nitrite. 1 earth metal ctitoride, alkaline earth metal fluoride, or alka- 

3. The low temperature aaioigtution com position of claim 55 line earth metal bromide, 

2, wherein the powdered metal fuel is selected from the 19, Tbe low tenrpeTaOxre autoignition composition of 
group consisting of molybdenum, riianium r idrconinm, • claim 1« furthar consisting essentially of an output augment- 
niobium, nickel, chromium* zinc, aluminum, and cerium, ing composition, consisting essentially of a metal in cum- 

4. The low temperatu re autoignition composition of claim bination with an energetic oxidizer selected fmm the group 

3, wherein the powdered metal fuol is selected from the 60 consisting of arnmouiura perchlorate^ alkali metal chloraleti. 
group consisting of molybdenum, titanium, zirconium, zinc, alkali metal per chlorates, and alkali metal nitrates. 

and cerium, j 20, Hie low temperature autoignition composition of 

5. The low temperature autoignition composition of claim " claim 1, wherein the silver nitrate oxidizer composition 

4, wherein the powdered metal fuel is molybdenum, consists essentially of silver nitrate and a complex salt 

6. Tbe low ieujpcj a lurc auioigniliun composition of claim 65 nitrate of at least one of Ce(NH 4 ) 3 (K0 3 ) ei and ZrO^O^* 
4, wherein the silver nitratej oxidizer enmposition i» selected 21. 'fee low temperature autcigmrioD composition of 
from the group consisting of silver nitrate and comelts claim X, wherein the silver nitrate oxidizer composition 
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corudsls essentially of silver minus and * dried hydraled 
mcisl nitrate or Ca^O^-H LO or Ott(NO.^-2.5l I^O. 

22. The low temperature autoignition composition of 
claim 1, further consisting essentially of a metal oxide 
catalyst | 

23. The low temperature autDignition composition of 
claim 22, wherein the metal oxide catalyst is, selected from 
the sroup consisting of AtO„ Si0 2i CcO Jt v 2 C>5, CrQ 3> 
Cr-O^ MnO^ FcjOj, C-W> 4 , NiO„ CuO, ZoO, ZKJ 2> 
Nb z O ST Mo0 3 , and AgjO. j 

24. The low temperature autoigniiion composition of 
claim t,. wherein the fuel consists essentially of molybde- 
num and tJbe silver nitrate oxidizer CO opposition consists 
essentially of a mi^uuc of [silver nitrate* potassium uiiraic* 
and guaDidine nitrate, j 

25- A low temperature imloignitioo composition for .safely 
initiating combustion of a main pyrolechnk; charge in a gas 
generator or pyrotechnic devfe* exposed to Same or a trigb 
temperature environment comprising; 
a mixture of a stiver nitrate oxidizer composition and a 

powdered metal fuel; jwhercia 
the silver nitrate oxidize* composition comptiacs a mix- 
ture or a oomelt comprising silver nitrate and at least 
one additional component selected from the group 
consisting of an alkali metal nitrate, an aJkalino earth 
Mbtal nitrate, a complex salt nitrate, a dried hydratcd 
nitrate* silver nitrate, an alkali metal chlorate, an alkali 
metal perchlorate, an alkaline earth metal chlorate, an 



SufEcitnl Ul the composition between the silver nitrate 
oxidizer toffiposiiioQ and the metal fuel to react in an 
autoignition reaction of metal fuel and silver nitrate 
oxidizer composition at an auloignitiOf) temperature of 
$ no more than about 232* C, thereby providing an 
autoignin'on composition having, the an migration icm- 
pMatttrc of no more than about 232* Ci wherein 
heating the nutdgnition composition to the imtoignition 
temperature results in a reaction between silver nitrate 
3 0 and the metal fuel, thereby initialing the autoifeniUon 
reacdoD- 

26* The low temperature auto ignition composhioc] of 
claim 25, wherein the metal fuel is present in an amount 
j^rfificient tn form a fuel rich composition, thereby providing 
15 an autoignition composition having an autoi&niiioa tempera - 
lure thai is leias, than the a ulo ignition tempenttiire of a similar 
COCtipc-sitioa having a stoichiometric amount of metal fuel, 
27. the low temperature autoignidoo wmposhion of 
claim 26, wherein the powdered metal fuel is chosen form 
20 the group consisting of molybdenum, magnesium, calcium, 
srromfom, barium, titanium, zirconium , vanadium, niobium, 
tantalum* chromium, tungsten,, manganese, iron, cobalt, 
nickel, copper, zinc, cadmium, tin, antimony, bismuth, 
aluminum, and silicon. 
25 28. The low temperature auioi£m*tion composition of 
claim 26, wherein the fuel comprises molybdenum and the 
silver nitrate oxidizer composition ooaxprites silver oittatc, 
potasshira nitrate, and guanidinc nitrate. 

al[r%1 - .,. _ ^u,^«^ ^ . 29. The low temperature autoignition composition of 

J i V ^ - }>*t*hl<>c*xc. ammonium ^ x ^masting essentially of a soltt organic 

perchloratc, sodium nitrite* potassium nitrite, silver mm i nr * 



nitrite, a complex salt nitrite, a solid organic nitrate, and 

a solid organic nitrite: 
the metal fuel is present in an amount at least substantially 

sloicbiomeLiic relative to the silver nitrate oxidizer 

composition; aod | 
the mixture of metal fuel and silver nitrate oxidizer 

composition has a mix intimacy and homogeneity 

f 



amine. 

$0- The low temperature autoignition composition of 
claim 12, further consisting essentially of a solid ecganfc 
amine. 

31. Ihc tow temperature autoignition composition of 
claim 25, further comprising a solid organic amine. 
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